Lesions of the neurohypophysis resulting in deficiency of antidiuretic hormone (ADH) produce the clinical syndrome of diabetes insipidus, provided the anterior pituitary is functionally intact. If the anterior lobe is destroyed, manifestations of diabetes insipidus may not appear (1) (2) (3) . The administration of cortisone or adrenocorticotropin (ACTH) to patients with anterior pituitary insufficiency led to the recognition of coexisting -nPti1nrnkvnnn'k,%cPn1 fn;l1vtr, (_7\ Thke^wosn f in that it approaches a condition in which the role of the kidney may be investigated in the human independent of hormonal control. The present study is an attempt at evaluating water metabolism and certain aspects of renal function in two patients with combined anterior pituitary and neurohypophyseal lesions. CASE REPORTS slculcUlhpupilyneal lallUct is of ph. soo such combined defects is of physiolog 8- Following control studies, Case 1 was given thyrotropic hormone, 10 mg. daily for two days, which increased radioactive iodine uptake by the thyroid gland from 40 to 54 per cent. Triiodothyronine, 20 Ag. three times a day was then substituted and after three days of this treatment, studies were repeated. Triiodothyronine was continued, oral cortisone (12.5 mg. every eight hours) was added and after five days of this combined treatment, the studies, except for urea loading, were again repeated. In the course of the second study (on thyroid), and the third (on combined thyroid plus cortisone therapy), the acute effects of intravenous hydrocortisone-hemisuccinate (50 mg.) on fluid spaces and renal hemodynamics were also studied. Changes in inulin space were calculated by a method previously published (9) . Prompt water diuresis was still impaired on combined thyroid plus cortisone therapy, with the last dose of cortisone given four hours before water loading. Observations on water and solute excretion, though not of renal hemodynamics, were therefore repeated after the dose of cortisone was increased to 100 mg. four hours before water or urea administration.
In Case 2, following control observations, substitution therapy consisting of desiccated thyroid, 120 mg. daily, and intramuscular cortisone, 5 mg. twice daily, was given. On the seventh day of therapy, the studies, except for urea loading, were repeated. The cortisone dosage was then doubled and the same studies were again made on the seventh day of this regimen.
Control subjects. Studies of the responses to oral water and urea loading, carried out under the same conditions of fasting and fluid deprivation outlined above, were obtained in a patient with untreated diabetes insipidus, a patient with uncomplicated and untreated anterior pituitary insufficiency, and a normal subject. Studies were not repeated following hormone administration nor were renal hemodynamics investigated.
Total body water was measured by the volume of distribution of antipyrine (10) and extracellular fluid volume by the distribution of inulin (11) . Inulin was determined by the resorcinol-thiourea method (12) . Glomerular filtration rate was taken as the clearance of inulin, and renal plasma flow as the clearance of paraaminohippuric acid (13) . The factor 0.9 was used for correction for plasma water. No correction was made for renal dead space in calculating extracellular water. Urine and plasma osmolalities were determined by freezing point depression using a modified Beckman thermometer in Case 1 and a Fiske Associates Osmometer in Case 2. Osmolal and free water clearances were calculated using the formulae of Wesson and Anslow (14) . Sodium and potassium were determined by flame photometry and chloride by the potentiometric method of Sanderson (15) . Urea was estimated by a modification of the method of Barrett (16) .
RESULTS

Case 1
Body fluid compartments (Table I ). The relationship of total body water and extracellular fluid volume to body weight was within normal limits in the untreated patient. Thyroid decreased body weight, total body water and extracellular fluid volume. The addition of cortisone further reduced body weight and total body water but caused no alteration in extracellular fluid volume either during prolonged oral or intravenous administration.
Clearance studies (Table I ). In the untreated patient, glomerular filtration was markedly reduced. Renal plasma flow was not measured. Thyroid raised the glomerular filtration rate; however, it was not returned to normal. The addition of cortisone returned the glomerular filtration rate and renal plasma flow to normal.
In the acute experiments, intravenous hydrocortisone increased the glomerular filtration rate when superimposed both on thyroid and on combined thyroid plus cortisone therapy. The effect on renal plasma flow was less consistent. With steroid infusion superimposed on thyroid, renal plasma flow increased appreciably. On thyroid plus cortisone administration, renal plasma flow was higher than on thyroid alone and the response to intravenous hydrocortisone was within limits of experimental error. Intravenous hydrocortisone produced no appreciable change in sodium excretion, but enhanced potassium excretion when superimposed both on thyroid and combined thyroid plus cortisone therapy.
Twenty-four hour urine and solute excretion (Table II, Figure 3 ). The control 24 hour urine specimens were distinctly hypertonic. Thyroid administration reduced urine osmolality but had little effect on urine volumes. Total daily solute excretion was less. The addition of cortisone induced polyuria with the production of an approximately isotonic urine, except when the larger dosage of cortisone (100 mg.) was given. With this larger dosage, urine volumes exceeded 6 L. and urine osmolalities fell below 200 mOsm. per Kg. Cortisone increased total daily solute excretion.
Response to water and urea loading (Figure 4 The findings were similar to those in Case 1, except for quantitative differences. Clearance studies, 24 hour urine volumes and solute excretion are summarized in Table II . Although total daily solute excretion was of similar magnitude in the two patients, the 24 hour urine volumes in Case 2 were greater and urine osmolalities lower. The control glomerular filtration rate was considerably higher and approached normal. On combined thyroid plus cortisone therapy, the glomerular filtration rate and renal plasma flow rose to normal. There was again a significant increase in urine volume and a fall in urine osmolality, with the production of a hypotonic urine and overt diabetes insipidus. Total daily solute excretion rose as in Case 1 when the dose of cortisone was increased.
Control responses to water and urea loading were similar to those of Case 1. Urine osmolalities remained at approximately 500 mOsm. per Kg. Urine flow and solute excretion varied in the same direction. The response to water loading on thyroid plus cortisone is shown in Figure 5 .
There was no difference in response using the larger dose of cortisone. In both instances free water clearance was established although only half the water taken was eliminated. Plasma osmolalities at the time the water load was given were 320 mOsm. and 330 mOsm. per Kg. and fell to 290 and 304 mOsm. per Kg., respectively.
Analysis
The observations, with the exception of those made under cortisone therapy, were subjected to a covariance analysis. The regression of urine flow on solute excretion did not change significantly between patients, or with thyroid therapy (p > 0.20). For all the values, the regression line, shown in Figure 6 , was highly significant (p < 0.002). 
Controls
The responses to water and urea loading are summarized in Figures 7 and 8 . In anterior hypopituitarism the same failure of prompt water diuresis was noted as was present in the patients with combined anterior pituitary and neurohypophyseal deficiency. Urine flow never exceeded 1.33 ml. per minute and urine osmolalities remained approximately 600 mOsm. per Kg. Urine flow was a function of solute excretion. Only 22 per cent of the water ingested was excreted in four hours, confirming the findings of Burston and Garrod (17) . Urea caused maximal concentration of the urine with osmolalities approaching the normal upper limit of 1,400 mOsm. per Kg.
The patient with uncomplicated diabetes insipidus excreted a water load promptly. Urine flow was high and urine osmolalities were about 100 mOsm. per Kg. When given urea after 14 hours dehydration, urine osmolalities rose to 420 mOsm. per Kg., indicating that a hypertonic urine can be elaborated in the absence of ADH.
The normal subject showed a wide range of renal concentrating and diluting capacity. Following water ingestion, maximal urine flow of In the two subjects of the present study the diagnosis of combined anterior pituitary and neurohypophyseal failure was based of necessity upon clinical evaluation. The most striking finding was the excretion of a hypertonic urine of relatively fixed osmolality and inability to excrete a water load promptly despite marked changes in plasma osmolality. That the high urine concentration was caused by minimal secretion of ADH seems unlikely in view of the absence of any appreciable change following water as well as urea loading. Furthermore, the close correlation between urine flow and solute output would not have been present if the proportion of water reabsorbed from the glomerular filtrate had varied more than slightly. The increased urine volumes in Case 2 may suggest residual anterior pituitary function. Although this cannot be excluded, it was obviously inadequate to maintain the concentrating defect characteristic of uncomplicated neurohypophyseal insufficiency. Cortisone both corrected the incapacity for prompt water diuresis and "unmasked" the latent diabetes insipidus.
Changes in the glomerular filtration rate were reflected in the urine concentration. In the absence of hormone administration, urine osmolality was high and glomerular filtration low, in accordance with other published data (4, 7, 17) . Thyroid raised the glomerular filtration rate with a concomitant fall in urine concentration. When cortisone was added to the treatment in Case 1, renal plasma flow and glomerular filtration rate approached normal levels and urine isosmolal concentrations (Table II) . It seems reasonable, therefore, to attribute the hypertonicity of the urine, at least in part, to the reduction in glomerular filtration rate with a diminution in the volume filtered in all nephrons rather than to a selective cessation of filtration in a group of nephrons. This interpretation is in accord with recent experimental evidence on the production of hypertonic urine by lowering the glomerular filtration rate in the absence of ADH (18, 19) . Prompt water diuresis with the establishment of free water clearance was still impaired in Case 1 ( Figure 4 , Experiment 5), despite a normal renal plasma flow of 527 ml. per minute and a glomerular filtration rate of 116 ml. per minute when the patient was on triiodothyronine, 20 /Ag. three times a day, and cortisone, 37.5 mg. daily (Table  I) . Only after 100 mg. cortisone was given preceding the test was free water clearance present, presumably because the smaller dose of cortisone had lost its effectiveness by the end of four hours when the water was ingested (20) .
In Case 2, free water clearance was present on thyroid and cortisone therapy at both dose levels. The excretion of only 50 per cent of the water load is believed to have been due to dehydration, as the experiments were carried out during a heat wave. With adequate water ingestion, this patient achieved a urine flow in excess of 10 ml. per minute, preceding the saline test.
The effect of cortisone in restoring the capacity for free water clearance cannot be ascribed to increased breakdown of protein and provision of urinary solute as urea, since urea administration had no such effect. It seems well documented (18, 19 ) that a lowered glomerular filtration rate is associated with impaired water diuresis, but restoration of the glomerular filtration rate in Case 1 to normal did not appear to correct the de- fect in accord with other data (21, 22 The continuous line corresponds to the regression line in Figure 6 . The broken lines indicate the extreme ranges of concentration and dilution met within the present investigation. distribution of solute absorption between the proximal and distal tubule or an alteration in the permeability of the renal tubular epithelium to water cannot be deduced from the present findings and further studies in pituitary and adrenocortical insufficiency are needed.
The normal subject illustrated the full range of physiological adaptation to water and solute loading.2 Only one extreme of this range was attained by the patient with anterior hypopituitarism, who was able to elaborate a highly concentrated urine, but not a dilute urine. Only the other extreme was reached by the patient with diabetes insipidus who alternately was able to elaborate a hypotonic urine but had lost normal concentrating capacity. The production of a hypertonic urine in this patient in response to dehydration and urea loading was most likely the result of a reduction in the glomerular filtration rate. The patients with both anterior pituitary and neurohypophyseal insufficiency had lost the capacity for maximal concentration and dilution and were able to alter renal excretory function only within the narrow range imposed by the limited variability of the glomerular filtration rate. That the lack of prompt water diuresis in anterior hypopituitarism is the result of a relative or absolute ADH excess (24, 25) seems most unlikely in view of the persistence of the defect in the present cases with absent neurohypophyseal function and similar cases reported by others (4, 6, 7) . A comparison of the findings in the various cases clearly indicates the range of activity and the absence of any interrelationship of ADH and adrenocortical hormones. Adrenocortical steroids restored the ability for free water clearance independent of the functional integrity of the neurohypophyseal antidiuretic mechanism. That the normal action and release of ADH is not interfered with by adrenocortical steroids has previously been demonstrated (26) .
SUMMARY AND CONCLUSIONS
Studies are reported in two patients with space occupying lesions in the region of the sella turcica in whom a combined deficiency of anterior pitui- 2 The high urine osmolality obtained with urea was due to the absence of osmotic diuresis. Urea is a poor diuretic solute because of its large volume of distribution and moderate tubular reabsorption. tary and neurohypophyseal function seems reasonably certain. Renal plasma flow, glomerular filtration rate and the responses to water and urea loading have been examined before and after hormone administration. In one patient total body water and extracellular fluid volume were also measured.
In the absence of cortisone the urine was hypertonic at all times and urine flow was a function of solute excretion. Cortisone raised the glomerular filtration rate to normal and restored the capacity for free water clearance. It is suggested that cortisone, in addition to raising the glomerular filtration rate, may also affect renal tubular water transport because prompt water diuresis was still impaired in one case on inadequate corti 
